The biofilm production ability of some multidrug resistant clinical bacterial isolates was determined in the presence of four biocides -chlorhexidine gluconate (3%), cetrimide (0.75%), sodium hypochlorite (3.5%) and chloxylenol BPC (3.8%) -using the modified microplate method. The multi drug resistant clinical isolates used in this study are Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Klebsiella aerogenes, Proteus mirabilis and Citrobacter freundii. These bacteria showed resistance to at least 5 antibiotics. Quantitative microtiter plate assay showed that 24 (58.55%) out of the 41 biofilms producers produced strong biofilms with optical density ranging from 0.25 to 0.35.The result demonstrated that sodium hypochlorite was more effective in inhibiting biofilm formation in the bacterial isolates. Lower concentrations of the biocides were more effective in inhibiting biofilm formation by bacteria. The ability of Escherichia coli and Klebsiella aerogenes to form biofilms was most affected. There was little inhibition of biofilm formation by the biocides on Staphylococcus aureus. This study has shown a relationship between biocide and multidrug resistance.
INTRODUCTION
Nosocomial infections are increasingly becoming significant in healthcare environments. There have been reports of rise in hospital acquired infections by multi-drug resistant microorganisms (Smith and Hunter, 2008) . Biofilm production is an important factor in infections caused by micro-organisms. Biofilms comprise of a functional consortium of cells encased in hydrated polymeric matrix. Adhesion to surfaces in biofilms by micro-orgnisms is a form of survival mechanism in hostile environment (Watnick and Kolter, 2000) . The biofilm structure protects the cells from dehydration and other environmental pressures while allowing the organisms to persist in a conducive environment (Donlan and Costeron, 2002) . Biofilms can form on any living or non-living surface.Within the biofilm matrix, micro-organisms show increased resistance to antimicrobials and biocides and also serve as reservoirs of pathogens in the hospital causing for a high percentage of nosocomial infections (Song et al., 2012) . Biofilms have been reported in many medical devices such as implants and catheters (Hatch and Schiller, 1998) . Evaluating the effects of some biocides used in hospitals to eradicate cells growing in biofilms becomes imperative.
The use of biocides in biofilm control is common and accepted. Biocides are broadspectrum and multitargeted compounds that inactivate micro-organisms on living tissues and inanimate surfaces (Oz et al., 2012) . They are used on medical devices to limit contamination. This study investigated the effects of some biocides on biofilm production and antibiotic resistance patterns of some bacteria isolated from clinical samples in Yola, Nigeria.
MATERIALS AND METHODS Isolates
Bacterial isolates were obtained from urine, wound and ear at the Federal Medical Centre, Yola, Nigeria. The isolates were identified on the basis of standard and conventional microbiological techniques and the characteristics compared with those of known taxa as described by Collee et al. (1999 (NCCLS, 2002; Cheesebrough, 2006) . Phenotypic Detection of Biofilm Production on Congo Red Agar Biofilm forming colony morphology was detected on Congo Red Agar (CRA) as described by Arciolaet al. (2005) .Bacteria were first grown in 10ml tryptic soy broth containing 0.25% glucose at 37 o C for 24 h without shaking and then plated to CRA plate. The plates were then incubated at 37 o C for 24hr. An additional incubation for 24hr was done at room temperature (25 o C) before recording the colony morphology. Crusty black colonies with dry filamentous appearance were recorded as biofilm producers, while smooth pink colonies were recorded as non-producers. Quantitative Determination of Biofilm Production Quantitative determination of biofilm production was carried out using the microtiter method of Freeman et al. (2001) . Overnight grown bacteria in nutrient broth containing 0.25% glucose were diluted to 1 in 100 and 200 µl portions were inoculated into 96 -well flat bottom polystyrene microtiter plates (cellstar, greiner bio one). Incubation was carried out at 37 o C for 22-24 h before removal of the cultures. The wells were washed three times with phosphate buffered saline (PBS, pH 7.2), air dried and stained with 0.1% safranin. The optical density of the wells was measured at 650 nm using micro Elisa auto reader (Stat Fax 2100, Awareness Technol. Inc. Japan). An optical density range of 0.12 to 0.35 was chosen to distinguish weak biofilm producers from strong biofilm producers. A well containing growth medium without bacteria was also included as control. Biocides Biocides that were used for the study are 
Effect of Biocides on Biofilm formation
A microtiter plate was used to determine the inhibition of biofilm production. Bacteria were grown on tryptic soy agar containing 0.2% glucose after which they were re-suspended in tryptic soy broth plus 0.2% glucose and the optical density of suspension at 650nm (O.D 650 ) was adjusted to 0.1. Then 180 µl of the bacterial suspension was inoculated in six parallel wells of a 96-well microtiter plate. Appropriate volume of each biocide (in various concentrations) was added to the microtitre plate wells. Positive control wells had 180 µl bacterial suspension and negative control wells contained only 180 µl tryptic soy broth plus 0.2% glucose. After incubation for 24h at 37 0 C, the content of each well was aspirated and each well washed with sterile phosphate buffered saline three times to remove all nonadherent cells. Attached bacteria were fixed with absolute methanol for 10 min. Later the plates were stained for 20 min with crystal violet (1% w/v),excess stain washed off and the plates rinsed with tap water. After the plate was airdried, the dye bound to biofilm formation of tested bacteria was resolubilized with 33 % (v/v) glacial acetic acid. The O.D of each well was measured at 650 nm by using an ELISA reader and the relative inhibition of biofilm (expressed as mean percentage inhibition) was calculated: using the formula given below as described byKhani-Juyet al. (2009) .
Data Analysis
The data was analysed statistically using one way analysis of variance (ANOVA) to determine the relationship in terms of biofilm production and biocide effectiveness. According to CDC (2000), S. aureus is the most prevalent organism associated with wound and ear infection.
RESULTS AND DISCUSSION

Antibiotic Susceptibility Patterns of Bacterial isolates
The result of antimicrobial susceptibility pattern of the isolates is shown in Table 1 . Staphylococcus aureus isolates from all the samples were deemed highly resistant to most of the antibiotics tested showing high rate of multidrug resistance. Among the 59 S. aureus isolates, 78%, 66%, 73% and 68%were resistant to gentamicin, ofloxacin, chloramphenicol, ampiclox and ampicillin respectively. Thirteen (68.1%) isolates of Pseudomonas aeruginosa were resistant to gentamicin and chloramphenicol, 59% to ampiclox and 63% to ampicillin. For Escherichia coli 53.8% isolates were resistant to gentamicin, chloramphenicol and ampiclox while 58% were resistant to ampicillin. Ten (77%) isolates of Proteus mirabilis were resistant to ampiclox, 69% resistant to tetracycline, 61.5% resistant to ampicillin and 84.6% resistant to ofloxacin. Marked resistance to ampiclox, chloramphenicol and gentamicin was reported in a study by Okonko et al. (2009) . Majority of the S. aureus (52.5%) were multi-drug resistant and these multi-drug resistance pattern had been documented by Maiti et al. (2006) and Okesolet al. (2009) . The present study highlights the alarming situation of antibiotics resistance in bacteria. Such multidrug resistance has important implications for the empiric therapy of infections caused by S. aureus, P. aeruginosa, E. coli, K. aerogenes, P. mirabilis and C. freundii and for the possible co-selection of antimicrobial resistance mediated by multidrug resistance plasmids (Okesol et al., 2009) . Biofilm Production Ability among the Bacterial Isolates A total of 72 isolates of multi-drug resistant S. aureus, P. aeruginosa, K. aerogenes, E. coli, P. mirabilis and C. freundii were investigated for biofilm production on CRA. Among the 72 isolates, 48 were found to produce biofilm at 37 o C developing black colonies while 41 of the 48 isolates produced crusty black colonies after further incubation for another 24 h at room temperature (25 o C) and were considered to be biofilm producers. Eight (8) isolates developed faint black colonies at room temperature. Twenty four (24) out of the 72 isolates were non biofilm producers both developing smooth pink colonies at both 37 o C and 25 o C. The result indicates that most of the multidrug resistant isolates were able to produce biofilm ( Table  2 ).The quantitative microtiter plate assay result presented in Table 3 showed that 24 (58.55%) out of the 41 biofilms producers produced strong biofilms with optical density ranging from 0.25 to 0.35 while 18 (43.9%) isolates produced weak biofilms with optical density ranging from 0.12 to 0.24. Eleven (45.8%) S. aureus isolates produced strong biofilms while 9 (37.5%) produced weak biofilms. Three each of E. coli and K. aerogenes isolates (12.5%) produced strong biofilm. This result indicates that not all the bacterial isolates that form crusty black colonies on CRA plates at both 37 0 C and 25 0 C produced strong biofilms. Thus, some were found to be weak biofilm producers. For biofilm formation to occur, synthesis of an intercellular polysaccharide adhesin (PIA) is necessary to mediate cell-to-cell adhesion. This PIA is synthesized by the gene products of the icaADBC locus (Crampton et al., 1999; Mckennyet al., 1999) . Crampton et al. (1999) suggested that biofilm negative phenotype in S.aureus, P. aeruginosa; E. coli, K. aerogenes, P. mirabilis and C. freundii resulted from the deletion of ica operon. The initial adhesion of bacterial cells to the polymer surface was influenced by environmental conditions (Mckennny et al., 1999) . However the initial microbial adhesion cannot be achieved without considering the effect of the substrate, various properties of the cell surface and characteristics of the aqueous medium such as ionic strength, temperature and pH (Hamadi et al., 2004) .
Effect of biocides on biofilm formation
The results in Figures 1, 2 and 3 showed the inhibitory effect of biocides against bacteria biofilm formation at different concentrations. Result showed that 3.5% sodium hypochlorite significantly inhibited the growth of E. coli biofilm at a percentage inhibition of 90.6% and its biocide well has the lowest optical density of 0.003 (Figure 1) .
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This was followed by K. aerogenes and C. freundiiwhose growth were inhibited at a percentage of 87.6 at the same concentration and the O.D of their biocide well was recorded as 0.004. Chloroxylenol at a concentration of 3.8% had its highest percentage growth inhibition of 81.8% for E. coli and lowest O.D of biocide well is 0.006 (Figure 2 ). This was followed by P. aeruginosa whose growth was inhibited at a percentage of 74.2% and O.D of 0.008 for biocide well. Chlorhexidine gluconate had the least effect on the biofilm among the three biocides. At a concentration of 3.3%, chlorhexidine gluconate had the highest percentage growth inhibition of 69.7% on K. aerogenesbiofilm at an O.D of 0.009 (Figure 3 ).This was followed by E. coli with a percentage inhibition of 63.6% and O.D of 0.012. The ability to inhibit biocide formation increases with decrease in biocide concentrations. S. aureus was the least inhibited organism at all concentrations by chloroxylenoland chlohexidine gluconate. Inhibition of biofilm formation by the biocides was most effective for E. coli and K. aerogenesisolates.Sodium hypochlorite (hypo) was found to be more effective than chloroxylenol (dettol) and chlorhexidine gluconate (moricet) in inhibiting the growth of bacterial biofilms. At P < 0.05, there is significant difference in inhibition of biofilm growth among the biocides. Chloroxylenolhas been reported to inhibit S. epidermidis isolates more effectively than P. aeruginosain biofilms (Pitts et al., 2003) . Crampton et al. (1999) also reported that local treatment with 3% sodium hypochlorite and chlorhexidine gluconate reduced biofilm growth by more than 79% on polymer biomaterials. Poor biocides penetration has also been described for biofilms resistance (Anderlet al., 2000) . Resistance to biocide has gained an increasing interest as studies have reported biocideantibiotic cross-resistance (Stickler, 2002) . Analysis of antibiotic resistance patterns and antiseptic sensitivity of biofilms to biocides revealed a remarkable relationship between resistant to biocide and multidrug resistance. When antibacterial targets are shared between biocide and antibiotic selection, pressure of the first can provoke resistance to the latter (Russell et al., 2002) .
This study has highlighted the effect of biocides on the bacterial biofilm formation. None of the biocides was able to kill 100% of cells in the biofilm formed by the multi-drug resistant isolates of S. aureus, P. aeruginosa, E. coli, K. aerogenes, P. mirabilis and C. freundii. This suggests that when these biocides are used, they fail to eradicate bacterial biofilms, leaving a survivor population to provide a reservoir for the spread and preservation of the infectious agent. 
